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Creunrrunoro Burcropa PouaHoBrlqa

o Aucceprarlraonnofi pa6 ore B on.ma BraAIac lraBa C epree Bvnra

<<KoncrpyKrr4BHo-rexHororuqecKr.re oco6enHocrn cI4JIoBbrx u CB9-upu6opoB Ha

ocHoBe IxupoKo3oHHbIX IOJTTIpOBOAHI4KOB D,

rrpeAcraBJreHHofi na col{cKaHlae yqeHofi creneHpl

KaHAHAaTa TeXHI4TIeCKI,IX HayK nO CUeqI4€lrIbHO CTH

05.27.01 - TnepAoreJrbnafl eJreKTpoHvrKa, paII4ooneKTpoHHbIe KoMrIoHeHrbI,

Mr4Kpo H HaHosneKrponv:Ka, npu6opbl Ha KBaHroBbx sQQercrax

[ucceprarlvoHHa.fl pa6ora Borurca BnAAzcJIaBa CepreeBllrla rocBflIrleHa

paspa6orrce nocpeAcrBoM I r<oMlrrorepHoro MoAenI{poBaHHt cl4creMbl

TerrJroorBoAa, cocrorrq eft wg renJroflornouarcqero gneMeHTa Ha ocHoBe rpa$zra

r4 rerrnoorBoAflrrgx gneMeHToB Ha ocHoBe rpaQenaurcylutlecKoro HI,ITpvra 6opa,

Koropafl o6ecneql{Baer .qo[onHnrenbHylo BO3MO)KHOCTb I'nA OTBeAeHI,lfl

Hs6HroqHoro rerrJra r43 aKTr4sHofi o6nacru npu6op&, a raKxe MoAeJIefi rennoBblx

upoqeccon B HccneAyerrlofi rpynre npu6opon, tro3BoJrf,rolqux paclrrklpl,Irb

QynrcqnoHnrrbHbre Bo3Mo)KHocrr.r KoMfIJIeKcoB npu6opHo-TexHonorl4rlecKoro

npoeKTkrpoBaHvrfl, r,rHTerpalbHbrx MHKpocxeM rryTeM ycoBepIIIeHcTBoBAHIdfl,

MeroAoB yrrera Srasn recKr4x npoqeccoB, cBf,3aHHblx c HarpeBoM TpaH3klcropoB c

BbrcoKofi noAsnxHocruo gneKTpoHoB Ha ocHoBe HLITprrAa rarrlrvrfl.

I4cate4oBaHr4e Marepr,rturoB c orreHb nrrcorofi TerlJlonpoBoAHocrblo

rpaSena KaK Marepr,ranra^ c Bbrcorofi gneKTpl,I.recrofi [poBo.qlilMocrbro I{ ll.vapz.I.a

6opa KaK Marepr/rala c Hnsrofi gneKTpl4qecHofr [poBo4nMocrbro rIo3BoJIHJIo

[poBecTr4 cpaBHeHI,Ie MexaHI{3MOB BITVIAIJVII, TeIIIOOTBOAflIIII4X 9IIeMeHTOB Ha

ocHoBe srHX MaTepHiuroB Ha 3KcrrJryarallrloHHble xapaKTepHcTrrKll TpaH3HcTOpOB C

BhrcoKofi nolnulKHocrbro gJIeKTpoHoB.

I4ccneAoBaHpre [poBoAr{Jrocb B paMKax MeroAoJlorttl{ npu6opHoro

MoAenupoBaHurr. OcsoBHbrM r,rHcrpyMeHToM flBrtslrcr, [porpauunufi KoMrIJIeKc,

npeAHa3HaqeHrrbll4 I-Ir' npn6opHo -TexHororuqecKoro MO.qenHpoBaHvs

npn6opHbrx crpyKryp Mr4KpoeneKTpoHvInvt, roropufi o6ecneqnBaer rpe6yeruufi

ypoB eHb AocroBepHocrl,I IlonrreHHblx pe3ynbraroB.

B rpoqecce pa6oru HaA Arlccepraqnefi coucKareJlb Bor.Ier BraAucrae

CepreeBrrq [posBr,rn ce6q KaK rnanra$ullupoBannrtfi crellnarlvtcr, cuoco6nufi

caMocTo.flTeJrbHo peruaTb HarrHble 3al.aqr4 BbIIIoJIHtTb TeOpeTVIIeCKVe

prccneAoBaHHrr, aHarrr,r3r,rpoBarb rroJryqeHHble pe3yJIbTaTbI, ycTaHaBJII,IBaTb

3aBncvtMocrr4 n Qoprrar.rpoBarb peKoMeHAaIIHH rro npaKTI,IqecKoMy I,Ic[onb3oBaHHIo

pe3ynbraroB pa6orn. Peurenrr, B qacrHocru, cneAyroque aKTyanbnble ga4aqn:



- BHeApeHa B [porpaMMHbrfi KoMrrJreKc rrpHoopHo-TexHoJrorzqecKoro

rrpoeKTHpoBaHvrfl, t4HTetpalrbHblx Ml4KpocxeM MeTo,quKa I4ccJIe.qoBaHII.fl TeIIJIOBbIX

xapaKTepr,rcrr.rK TparcHcropoB c BbrcoKofi rroABraxHocTbrc SneKTpoHoB Ha ocHoBe

HI'{TpHI.a ra[rrrvtfl., 3aKflroqaroqarc.rr B l4crroJrb3oBaHrrrr ycoBeprrreHcTBoBaHHBrx

MOAeneft TerrnolpoBoAHocrr4 vI Te[iroeMKocTr,I, Ilo3BonrlrcIllux yqI,ITbIBarb

reMreparyprryro 3aBHclrMocrb 9TIrx rap aMeTpoB ;
- pa3pa6orasa crrcreMa renJroorBoAa, cocro flrrlafl, r43 TerrJronorulolqarcqero

gJreMeHTa Ha ocHoBe rpaQzra r{ TerrJroorBo4flrrlr4x gJreMeHToB Ha ocHoBe rpaQena z

Hr4TpHIa 6opa, Koropafl o6ecneqr,IBaer AononHzTeJrbHyrc Bo3MolKHocrb Awl

orBe.qeHufl zs6HrorrHoro relJra vB ar(TnnHofi o6racru upn6opa.

B xoAe rrpoBeA envra AHccepraIIpIoHHbIX r4ccrleA osaHuir Borqex BraAzcras

CepreeBr{q rroAroroBr,rJr z orry6nr4KoB€ul 20 naytHblx pa6or, B ToM rlucre 7 cratelt

B perleH3r,rpyeMbrx HafrHbrx )ftypHiulax o6reMoM 10,5 aBTopcKHx JIHcroB,T crarefi

n c6opnnKax MareprarroB roHQepenqufi, 5 regucoB AoKJIaAoB n c6opru.IKax re3I,IcoB

.qoKna.qoB ronQepenqufi v 1 sa,anry Ha uso6pereHue <<HopvranbHo sarcpurufi
Hr4Tpr41-rannresHft rerepocrpyKrypnufi noresofi rpaH3vcrop c cucrenaofi

TerrJroorBoAa Ha ocHone rpa$eHa H.Hurpr4ra 6opu.

Perynrrarbr lucceprarlr4oHnofi pa6oru nepeAaHbl OAO (I4HTE|PAJI) -

yrpaBnrroqafl KoMraHHr xonqnnra d4HTE|PAJI) Anfl,IlcrIoJIb3oBaHLI.r B paMKax

KO MrrbK)TepH OrO IIp O e KTr4p O B aHVA Vr O rITHMkt 3ArIUr4 KO H CTpyKTIIB HbIX II ap aMeTp o B H

oKcrnyararlr4oHnbrx xapaKrepr.rcrrdK upn6opHblx crpyKryp 3JleMeursofi 6asH

cnnoBoit u CBtlrsnercrpoHr4Kra Ha ocHoBe Hr,rrpr4AoB gneMeHroB Tperuefi rpynflbl.

Pesynrrarbr Ar4cceprarluoHHblx HccneAosaHufi raKx(e BHeApeHbI B yre6nuft

rpoqecc ra$e4pbr Mr.rKpo- u HaHooJIeKTpoHvrKu n r<a$e4pbl oneKrponnofi rexHHKI4

v rexHoJrorrrrr y.rpelrA ennfl. o6pasoBannfl, <<Benopyccrnfi rocyAapcrseHHufi
yHr,rBepcHTeT nn$oprr,rarvKr4 v pa.qPIo9neKTpoHI{KH), rca$e4pu

<<I4nrerureKTyarrbHbre w MexarpoHHble cucreMbD) BenopyccKoro HallrloHttrrbHoro

rexriu.recKoro yHrrBepcurera.

Cqnraro, qro AncceprarlktoHnafl, pa6ora <<KoncrpyKTuBHo-rexHoJloruqecKl4e

oco6esHocru cnJroBbrx H CBrl-npu6opon Ha ocHoBe IurpoKo3oHHbIX

rroJryrpoBoAnr4KoBD rro ypoBHrc [poBeAeHHbIX I{ccneAosaHlafi u nonyqeHHblx

pe3ynbraroB, Hx Hayunofi HoBI43HrI vI [paKTu.recrofi 3HaqI,IMocrI4 orBeqaer

rpe6on anvrflM, [peAbrBJrreMbrM K Azcceprarll4tM Ha corcKaHrle yueHofi creleHl4

KaHAlr.qara TexHlrrrecKnx rro crrelluitrlbHocrtl 05.27 .01 - Tnep,uoreJlbH€ul

3IreKTpOHrLKA, paAUOgneKTpOHHbIe KOMIIOHeHTbI, MI4KpO 14 HaHOSJIeKTpOHVIKA,

upn6opbr Ha KBaHroBux eQSeKTax, a ee aBTop, Bon.Ier BlaAuclan CepreeBuq,

3acnyx(r.rBaer [pr4cyxAenvrfl, eMy yrenofi creneHla KaHALIAaTa rexHHrIecKI4x HayK 3a

HoBbre HayrrHo o6ocsoBaHHbre v [paKTI,IqecKH 3HatIrIMbIe pe3ynbrarbre

BKJrroqarcque:



- pa3pa6orxy w BHeApeHpre B rporpauunrrfi KoMTIJIeKc upz6opHoro

MOAenVpOBaHLrfl ycoBeprueHcrBoBaHHblx MaTeMaTrrqecKpIX MoAeJIeH,

rrpeAHiBHaqeHrrbrx l.nfl, orrvrcaH.nfl, TeMlepaTypHol4 3aBIlCr4MOCTkl

TenJrofrpoBoAHocTrr, r{cnoJrb3oBaHI4e KOTOpbIX B IIpOTpaMMHOM KOMIIJIeKCe

upu6opHoro MoAennpoBaHr,rr rro3BoJuler ytlecrb na6moAaeMoe Bcne.qcrBl4e

cHr{rKeHHrr TelJrolpoBoAHocrr,r c noBbIIueHVeM TeMIIepaTypbI yMeHbIueHVe

srrxoAHofi MorrlHocrr{ TpaH3r.rcropa c sHcoxofi rIoABpI}KHocrbIo gneKTpoHoB Ha

ocnoBe AsofiHofi rerepocrpyKrypbl AIGaN/A1N/GaN na canQuposofi rIoAJIo)KKe

Ha I8,26oh (co snauentrfl,5,86 Br Ao 4,79 Br) nprl MaKczMitrlbHofi renrneparype

550 K n arrusHofi o6tacru upn6opa;
- pa3pa6orry reriloorBoAtlrlero oneMeHTa Ha ocHoBe rpaQeHa,

SopvrupoBaHze Koroporo Ha nepxuefi rloBepxHocrn cos,qaHHofi Ha cau$uponofi

noAnolKKe crpyKTypbr rpansficropa c sHcorcofi noABtDKHocrbro gneKTpoHoB Ha

ocHoBe .uBoI4HOI|I ferepocTpyKrypbl AIGaN/AlN/GaN Mex.{y

TerrJrorornoqarcrrluM gneMeHToM vI 3arBopoM (paccro flH:ae MelKAy 3arBopoM vI

croKoM - 6 urcna, MexAy croKoM H TenJlorrornoqarculnM gJIeMeHToM - 0,5 uru),

He Kacarcb rrocJreAHero, no3BoJrter yBeJII4trI,ITb rpaHzllHyro qacrory s 1,95 pas (co
-3HarreHr.rrr 

8,37 ffq lo 16,28 ffu) I4 MaKcI4MarIbHyIo qacrory reHepallnu B 4,64

pa3 (co 3HaqeHr4n 17 ,I9 ffq Ao 79,7 6 ffq) B pe)KI4Me MaJIoro clarHarla ro

cpaBHeHrrro c coorBercrByroquwvl BeJIpItn4HaMI4 rnfl, 6asosofi upu6opnofi

cTpyKTypbl;
- paspalot'ry rerrnoorBolflrrlero oJIeMeHTa Ha ocHoBe ry6uuecKoro BN

(romquua sneMeHra 0,08 runu), QoprvrzpoBaHl4e Koroporo Mexqqy croKoM vl

TerrnorornoqarcrrluM sneMeHroM (paccro fllavre Me)KAy 3arBopoM vt croKoM

6 uru, MerKAy croKoM r{ TerrJrorrorJlolqarcIrluM gJIeMeHToM - 0,5 uru), qacrl,ItrHo

3aMeular cnofi raccvrBarlnu Ha ocHose SiOz (rorqzHa Hl{}Kenex(alqero cJlon - 0,I2

rurcu), co3.{aHHofi na canQzposofi noAno)KKe crpyKrypbl TpaH3ucropa c Bblcorcofi

noAsirtxHocrbro oneKTpoHoB Ha ocHoBe AsofiHofi rerepocrpyKTypbl

AIGaN/AIN/GaN, uosBoJurer yMeHbrxl{rb MaKcrrMiulbHyro reMnep arypy na 51,1 K

(co 3HarreHrrfl 481,8 K Ao 430,7 K) vt yBenllrrllrb roK croKa Ha 32,52oh (co

3HaqeHut0,123 AAo 0,163 A) npz Harrpflxenuu 3arBop-IacroK 6 B z HanpxlKell.vrzI

croK-rrcror 30 B uo cpaBHeHr.rrc c coorBercrByloqruMvl BerrvtquHaMu p^nfl 6asoeofi

npu6opnofi crpyKrypbl;
- onpeAeJleHple B KOHcTpyKIIHLt HopMaIIbHo 3aKpbITOrO TpaH3I4CTopa c

sHcorcofi noABux(Hocrbro oneKTpoHoB lra ocHoBe AsofiHofi rerepocrpyKTypbl

AtGaN/AlN/GaN c rerrJroorBoAflrrlnM oJIeMeHroM Ha ocHoBe rpa$ena,

pacrono)KeHHbrM Ha repxnefi rroBepxHocru upz6opsofi crpyKTypbl Mex.qy

TefrJrolornoqarcrllHM SJIeMeHTOM Vt 3aTBOpOM, He KaCaflCb rIOCneAHerO, H

TerrJroorBoAflrur,rM gJIeMeHToM Ha ocHoBe ry6uuecKoro BN, qacrplrlHo



3aMerrlarcuero cnofi IIaccHB a]qJ/ll'il Ha ocHoBe Sioz Me)KAy renJronornouarcqvM

SJTeMeHTOM kr CTOKOM, CJIeAyrOqnX HaH6Onee 3HaqHMbIX reOMeTpI/tqecKI,D(

rrapaMerpoB Tonrrlr{Hbr cnofl p-AlGaN rroA 3arBopoM, paccrofllllinfl, Me}KAy

r{croKoM vr BepxHefi rracrbrc 3arBopa I4 TonIqI,IHbI npoMe)KyrotlHoro cJIofl AlN,

r.r3MeHeHrre sHa.reHrafi Koropbrx B npeAenax +I0% or HcxoAHbIx TIpI4BoAHT K

yBenr{rreHnro BbrxoAHofi uoqHocrr{ na 1 I,35oh (co snatleHnt 3,26 Br .qo 3,63 Br).

Hayruuft pyronoAl4reJlb,

rpopeKrop ro Hafitrofi pa6ore
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